Twenty-eight high genetic merit and 32 medium genetic merit Holstein\Friesian dairy cows with Predicted Transmitting Abilities for milk fat plus protein yield, calculated using 1995 as the base year (PTA *& fat plus protein) of 43n3 and 1n0 kg respectively, were used in a continuous design, 2 (cow genotypes)i4 (concentrate proportion in diet) factorial experiment consisting of eight treatments. Concentrate proportions in the diet were 0n37, 0n48, 0n59 and 0n70 of total dry matter (DM), while the forage component of the diet was grass silage. Diets were offered ad libitum in the form of a complete diet. Animals remained on these concentrate regimes for a mean of 84n7 days before completing a standard 98-day grazing period. At pasture, cows received either 5n0 or 6n0 kg concentrate daily according to turnout date. There were no significant genotypeinutrition interactions for any of the variables examined during either the indoor feeding or post-turnout grazing periods (P 0n05). Outputs of milk, fat, protein and fat j protein were greater for high merit cows than for medium merit animals (P 0n001). Milk output and milk protein output responses to increasing concentrate proportion were linear for both cow genotypes (P 0n001), while high merit animals showed a linear response in terms of milk fat plus protein output (P 0n01) with these responses being statistically parallel for both merits. High merit cows had a significantly higher DM intake than medium merit animals (P 0n01). With high merit animals, concentrate proportion had little effect on body tissue reserves, while medium merit animals showed a tendency for increased condition score and backfat thickness with increasing concentrate inclusions (P 0n05). In terms of the output of milk and milk constituents during the grazing period, there were no significant residual effects from winter concentrate feed rate (P 0n05), while high merit cows continued to have higher outputs of milk and milk constituents (P 0n001). Body tissue reserves of both genotypes changed little during the grazing period. It is likely that the higher milk yields of the high merit cows can be attributed both to their higher DM intakes and their ability to partition a greater proportion of the nutrients consumed into milk rather than body tissue reserves. Although statistically both high and medium merit cows responded in a similar manner to an increasing proportion of concentrate in the diet, high merit cows did exhibit a 49 % greater fat plus protein yield response during the indoor period, compared to animals of medium genetic merit, perhaps hinting at the existence of a genotypei nutrition interaction.
INTRODUCTION
reported rates of genetic gain of 1n3% per year in milk fat plus protein yield for the indexed Holstein\Friesian cattle population in the United Kingdom (UK) and the Republic of Ireland. This * To whom correspondence should be addressed.
rapid increase in genetic merit can be attributed to many factors, including the greater availability to the UK and Ireland of semen from around the world, enhanced systems for progeny testing of sires and the introduction of more advanced statistical techniques to assimilate data from various sources, together with developments in reproductive technology.
As cows of higher milk yield potential, and hence higher nutrient requirements, become more numerous, feeding systems developed in the past for animals of lower genetic merit may require adaptation if they are to be optimal for these higher merit animals. This would be especially true if it is found that genotypei nutrition interactions exist. While the milk production responses to concentrate supplementation given in addition to ad libitum access to grass silage have been extensively defined for animals of medium genetic merit (Gordon 1980 (Gordon , 1984 , the issue of whether or not high merit cows respond in a similar manner needs to be addressed. Although subsets of data within previous studies have indicated no evidence for a genotypeinutrition interaction (Ostergaard 1979 ; Gordon 1984 ; Mayne & Gordon 1995) a recent analysis of data from the Langhill Dairy Cattle Research Centre has suggested that this interaction may exist (Veerkamp et al. 1994 ). The present experiment was designed to examine whether the production response to supplementary concentrates, given in addition to ad libitum access to grass silage, was influenced by the genetic merit of the dairy cow. In addition to the direct responses arising from offering concentrate supplements during the winter, both positive and negative residual effects of winter concentrate feeding have been found during the post turnout period, as reviewed by Gordon (1980) . Consequently this trial was also designed to elucidate such residual effects.
MATERIALS AND METHODS

Animals and treatments
Sixty Holstein\Friesian dairy cattle, in their second or subsequent lactations, were used in a continuous design experiment. Twenty-eight of these animals were of high genetic merit and had Predicted Transmitting Abilities for milk (PTA *& milk) and fat plus protein (PTA *& fat plus protein), calculated using 1995 as the base year, of 564 (.. 123n8) kg, and 43n3 (.. 9n59) kg respectively and a mean lactation number of 2n3 (.. 0n45). The remaining 32 animals were of medium genetic merit (PTA *& milk l 6 (.. 129n5) kg), (PTA *& fat plus protein l 1n0 (.. 10n67) kg) and had a mean lactation number of 4n5 (.. 1n82). The high and medium genetic merit animals had mean calving dates of 28 January (.. 34 days) and 24 January (.. 30 days) respectively.
Eight treatments were examined in a 2i4 factorial design experiment. Factors examined consisted of two cow genotypes, namely high and medium genetic merit, and four diets differing in the proportional inclusions of forage and concentrate. The proportional concentrate inclusion rates in these four diets were 0n37, 0n48, 0n59 and 0n70, on a dry matter (DM) basis. Animals within each genotype were grouped in blocks of four according to calving date, and on day 10 post-calving were allocated at random to one of the four concentrate treatments.
Food and feeding methodology
The forage component of the diets offered was grass silage, produced from the primary growth of a perennial ryegrass sward, and harvested between 18 and 23 May 1994. Herbage was allowed to wilt for c. 24 h before being lifted with a precision chop forage harvester. A bacterial inoculant (' Ecosyl ', Zeneca Bio Products) was applied to the grass at harvesting at the rate of 3n1 l\t fresh grass.
In order to achieve similar intakes of a mineral\ vitamin mix supplement across the four concentrate treatments, two concentrate types differing only in the mineral\vitamin mix inclusion rates were produced. Concentrates offered in the 0n37 and 0n48 concentrate treatments and in the 0n59 and 0n70 concentrate treatments contained 3n3 and 2n0 % mineral vitamin mix respectively. The ingredient composition of the concentrate on a kg\t air dry basis, excluding the mineral\vitamin element, was as follows : barley 184, wheat 184, molassed sugar beet pulp 365, fish meal 50 and soyabean meal 217.
Prior to calving, all animals had a minimum dry period of 6 weeks during which they were housed indoors and offered good quality grass silage ad libitum. During a pre-experimental period from calving until the start of the experiment, animals were offered a complete diet consisting of 0n48 forage and 0n52 concentrate on a DM basis. The forage and concentrate offered during this pre-experimental period comprised the experimental silage and concentrate.
All animals were housed as a single group in cubicle accommodation. Access to the specified diet was controlled by means of a Calan gate feeding system linked to automatic cow identification and feed boxes mounted on weigh cells as described by Forbes et al. (1986) . Animals within each concentrate treatment were able to feed from any of a number of boxes, with an average of no more than three animals sharing each box, the system being designed to allow individual animal intakes to be recorded.
During the pre-experimental and main experimental period, concentrates and forage were offered in the form of a complete diet. The complete diet was mixed in a commercial paddle type complete diet mixer with a capacity of 11 m$ (Redrock Diet Mixer, Model 11 FD, Redrock Engineering Limited, Armagh, UK). Feed residues from the previous 24 h period were removed from the feed boxes at 09n00 h. Diets were prepared on a daily basis between 09n00 and 11n00 h, with each ration being mixed in the complete diet mixer for c. 6 min, before being deposited in the appropriate feed boxes. To ensure that the correct proportional inclusion rates of forage and concentrate DM were maintained throughout the experiment, the proportions of fresh silage and concentrate mixed in each treatment were adjusted weekly, based on the mean DM of both the concentrate and silage (alcohol corrected toluene basis) for the preceding 4-week period. Animals were offered the complete diet on a daily basis in sufficient quantities to allow for a refusal of c. 100 g\kg intake.
One medium merit animal on the 0n70 concentrate treatment was removed from the trial before completion of the winter feed period. A second medium merit animal on the 0n59 concentrate treatment was removed from the trial on completion of the winter feed period. These animals were removed for health reasons which were unrelated to the treatments offered.
The high and medium merit animals remained on the winter feed regimes for 79n4 (.. 20n85) and 89n5 (.. 21n38) days respectively, representing an overall mean of 84n7 (.. 21n73) days for the 59 animals which completed the winter feed period.
Measurement of residual effects of winter concentrate feed level, post turnout
After a mean of 83n6 (.. 16n10) days on the concentrate regimes described above, a group of 31 of the earliest calving animals consisting of 16 high and 15 medium merit cows (blocks 1-4) were changed onto a daytime grazing regime on 9 April, while continuing to be housed at night for a further 14 days. At night, all animals within this group were offered a standard complete diet consisting of grass silage and concentrate in DM proportions of 0n46 and 0n54 respectively. During the last 5 days of this transition phase, 5 kg of a grazing concentrate was gradually introduced to the ration. On completion of this 14-day transition phase, these animals were transferred to a day and night time grazing regime and maintained on 5 kg of grazing concentrate daily, divided between two equal feeds and offered during milking. The remaining 27 animals, of which 12 were high genetic merit and 15 medium genetic merit, remained housed until 26 May, representing a mean of 85n0 (.. 26n9) days on the concentrate regimes described above. These animals were then changed to a daytime grazing regime for 7 days, while continuing to be housed at night, and were offered the standard diet containing proportionally 0n46 and 0n54 forage and concentrate respectively, as described above. On completion of this 7-day transition phase, this group of animals was also changed to a day and night time grazing regime. During this transition phase, a grazing concentrate was gradually introduced to the diet so that by day 10 post turnout, animals were being offered 7n5 kg concentrate daily, divided equally between two feeds and offered during morning and evening milking. On completion of this transition phase the early and late turnout groups were grazed as a single group. These concentrate feed rates, namely 5n0 and 7n5 kg\day for the early and late turnout groups respectively, were calculated to provide adequate supplementation to the grass available throughout the season, so as not to limit the production potential of the animals, as follows. At each of the two turnout dates the current milk yield for the high merit animals within that group was calculated on the basis of milk production during the previous 2-week period. Using these ' turnout ' milk yields as starting points, and assuming a proportional decline in weekly milk production of 1n7 %, mean weekly milk yields were predicted until mid September. Using published data for the milk production potential of grazed grass over the grazing season for ' high yielding ' animals (Mayne et al. 1991) , and the predicted milk yields for the same period, the quantity of milk not sustainable from grass was determined by difference. The quantity of concentrates required to produce the milk output not obtainable from grazed grass were calculated using the following assumptions : the Metabolizable energy (ME) concentration of both grazed grass and the grazing concentrate was 12 MJ\kg DM, the ME required for milk production was 5n0 MJ\kg milk and a substitution rate of 0n37 kg grass DM\kg concentrate DM was in operation. As the calculated concentrate requirements varied little over the grazing period, the concentrate was offered on a flat rate basis to each of the two turnout groups. However it soon became obvious that many of the late turnout animals, especially the medium merit animals, were unable to consume the 7n5 kg of concentrate offered. Subsequently, within 15 days of turnout, concentrate offered to this group was reduced to 6n0 kg\day, split equally between two feeds, and offered during morning and evening milking.
The ingredient composition of the grazing concentrate, on a kg\t air dry basis, was as follows : fish meal 100, soyabean meal 90, molassed sugarbeet pulp 500, maize meal 273, vitamin mineral mix 25 and calcined magnesite 12.
The early and late turnout groups completed the grazing part of the trial on 26 July and 1 September respectively, representing a 98-day period at grass. On completion of this 98-day period, animals remained on the post turnout treatments for a further 14 days, with the milk production data from this period being used as a covariate in subsequent analysis.
Grazing management
The grazing area was managed so that cows were given a fresh area of pasture after both morning and evening milkings. A flexible approach to pasture allocation was adopted, with the aim of providing a residual grass height of c. 8 cm early in the season, increasing gradually to 10-12 cm later in the season. The objective was to achieve this via a 21-day grazing cycle during early season, increasing to between 25 and 30 days later in the season. However grass shortages in mid and late season, a consequence of the severe drought conditions encountered during the summer of 1995, resulted in the planned sward heights not being achieved. Grazing areas were topped to c. 6 cm at least once throughout the grazing season. Until mid June, fertilizer N was applied to each grazing aftermath at a rate of c. 65 kg\ha, with this being reduced to 45-50 kg\ha later in the season.
Measurements
Throughout the indoor and grazing parts of the trial, cows were milked daily at 06n00 and 17n30 h, with milk yields being recorded at each milking. Milk samples, in proportion to yield, were taken at each milking for 3 consecutive days, on alternate weeks, throughout the experiment. The 3-day composite sample for each cow was analysed for fat, protein and lactose concentrations using a Milkoscan Model 605 (Foss Electric). The Calan gate feeding system enabled intakes of each animal to be measured daily during the winter feeding trial. The n-alkane technique was used to measure herbage intakes for all animals over a 4-day period, between 5 and 8 June and between 24 and 27 July (days 56-59 post-turnout) for the early and late turnout groups, respectively. The technique used has been described by Cushnahan (1993) , although in the current study the C $# alkane was incorporated into the grazing concentrate at the rate of 2000 g per tonne. This concentrate was offered at the rate of 0n5 kg morning and evening while animals were being restrained for the collection of faeces samples. The remainder of the daily concentrate allowance, 4n0 and 5n0 kg for the early and late turnout groups respectively, were offered in the parlour during milking. Samples of herbage, concentrate and faeces were analysed for C $# and C $$ nalkanes using the method of Mayes et al. (1986) . Liveweights were recorded weekly throughout the entire trial, while condition scores were recorded during the pre-experimental period, immediately preturnout and on completion of the grazing period. In addition, ultrasonic scanning equipment was used to obtain in vivo measurements of thickness of backfat and the cross-sectional area of the longissimus dorsi muscle on the same three occasions that condition scoring was undertaken. Images were taken with an ALOKA 500V ultrasound unit equipped with a 3n5 MHz, 17n2 cm long, linear assay transducer (Animal Ultrasound Services Inc, Ithaca, New York, USA). The transducer was placed between the 12th and 13th ribs lateral to the vertebral column and parallel to the rib. To ensure proper contact between the transducer and animal, the transducer was fitted with a stand-off piece manufactured from silicon rubber and designed to conform to the curvature of the animal's back. In addition corn oil was applied to the animal's hide in order to promote acoustic contact between the animal and the transducer. The length of the transducer was sufficient to permit the entire cross-section of the longissimus dorsi to be pictured as a single image. The images were recorded on a high resolution tape with a video cassette recorder. The recorded images were analysed on a computer system using a frame grabber board and a software package (Animorph Software Package, Woods Hole Educational Associates, Woods Hole, Michigan, USA) to determine the crosssectional area of the longissimus dorsi and the backfat thickness. Backfat thickness was determined as the mean of five measurements taken over the longissimus dorsi, namely over the centre point of the breadth of the muscle and at locations p10 and p20 mm laterally from this point.
Silage DM concentration was determined daily throughout the trial. Dried silage samples were bulked for each 2-week period and the bulked sample analysed for ash, acid detergent fibre (ADF) and neutral detergent fibre (NDF) concentrations. Fresh samples of silage were taken twice weekly and analysed for toluene DM, nitrogen, pH, ammonia nitrogen, ethanol, volatile fatty acids, lactic acid and gross energy concentrations. Samples of each of the two concentrate types were analysed for oven DM on a weekly basis with the dried samples for each 2-week period being bulked and analysed for crude protein, ADF, NDF, ash and gross energy concentrations. Chemical analyses were undertaken using the techniques described by Cushnahan & Gordon (1995) .
The digestibility of the silage offered during the trial was determined using three castrated male sheep. Silage used in this digestibility study was removed from three points at approximately one-third, half and two-thirds way along the length of the silo. At each position a vertical column of silage was removed from a cleaned face of the silo, thoroughly mixed, and bagged in quantities sufficient to meet the daily maintenance energy allowance for each animal. Silage was stored at k15 mC until 24 h prior to feeding. The silage removed from the three positions within the silo were offered in sequence for one day each on a repeating basis during the duration of the digestibility determination.
During the indoor part of this study, 24 animals, 12 of each genetic merit, representing three animals from each concentrate treatment within each genotype, were used to determine ration digestibility and the efficiency of energy utilization. This study has been described by Ferris et al. (1999) .
Statistical analysis
Missing data for the two animals which did not complete the experiment were replaced by missing plots in the statistical analysis. In view of the differences between concentrate treatments and genetic merit with regards to the number of days on the indoor part of the trial, it was deemed necessary to adjust performance data for all treatments to an equal number of days on treatment. Thus, for all parameters examined and within each genetic merit, the effect of ' days on treatment ' as a covariate was examined, and if found significant (P 0n05), the covariate coefficients were used to adjust the data for each treatment to an 84-day basis. The adjustment of post turnout performance data was also carried out on a similar basis. Parameters adjusted in this way were total milk output, yields of milk constituents, liveweight, condition score, backfat thickness and eye muscle area. The adjusted data for the indoor and grazing periods were analysed as a 2 (cow genotypes)i4 (concentrate proportions) factorial experiment, which included the use of covariance analysis for various parameters, when their inclusion in the analysis was found to be significant (P 0n05). As the mean values for the covariate data set for each genotype varied, it was necessary to restrict the use of covariance adjustment within each genetic merit. This was achieved by calculating the difference between individual animal covariate values and the mean of all values for that covariate, within each genotype, and by using these calculated differences as covariates, rather than the actual covariate value. Thus total milk output data for the winter and grazing phases were adjusted using 7-9 day yield data and milk yield data recorded during the post-experimental period respectively. In addition, data for medium merit animals were adjusted using PTA *& values for milk. Milk composition data were adjusted using previous lactation milk compositional data. Total constituent output data for both the pre and post turnout phases of the experiment were adjusted using the same covariates as applied to the total milk output data. Liveweight, condition score, backfat thickness and eye muscle area data, recorded immediately pre-turnout and on completion of the post-turnout phase, were adjusted using the relevant pre-experimental data.
The factorial analysis examined the effects of cow genetic merit across all concentrate treatments, concentrate proportion in the diet across both genotypes, and interactions between the two. While the latter allows us to identify if the responses (linear and\or curvilinear) of the two genotypes to concentrate supplementation differed significantly, the factorial analysis does not permit an examination of the responses of individual genotypes to concentrate proportion in the diet. Consequently, using the covariates outlined above, the responses of cows of high and medium genetic merit to concentrate proportion were examined separately by analysis of variance, with responses being examined for linearity and curvilinearity.
RESULTS
Silage offered was well preserved, having an ammonia-N concentration and pH of 65 g\kg total N and 3n67 respectively (Table 1) . Concentrates offered during the indoor and grazing periods had mean crude protein concentrations of 222 and 205 g\kg DM respectively.
There were no significant interactions between cow genetic merit and concentrate proportion in the diet for any of the variables listed in Tables 2-6 (P 0n05). Individual treatment data for each genotype, together with the overall  for the factorial analysis are presented in Tables 2-6, while the significance of the responses are described in the text.
Direct effects
For each of concentrate (P 0n05), silage (P 0n001) and total DMI (P 0n01), high merit cows had significantly higher intakes than medium merit cows (Table 2) . Concentrate intakes increased with increasing proportion of concentrate in the diet with both genotypes (P 0n001), while silage intakes decreased (P 0n001). Total DMI increased with increasing proportion of concentrate in the diet (P 0n01 and P 0n001 for high and medium merit cows respectively).
Over the 84 days of the trial, high merit cows produced a significantly higher milk output than medium merit cows (P 0n001), while milk output increased (P 0n001) with increasing concentrate proportion in the diet with both genotypes (Table 3) .
Milk fat concentration tended to decrease with increasing concentrate proportion in the diet, with this effect being significant for the medium merit animals (P 0n01), while milk protein concentration showed a reverse effect for animals of both genotypes (P 0n05). In addition, medium merit animals showed a tendency towards a significant quadratic effect with regard to milk protein (P l 0n056). High merit cows produced milk of a higher fat concentration than medium merit cows (P 0n05), while the reverse was true for milk lactose concentrations (P 0n001). There was a tendency for high merit cows to produce milk of a higher milk protein concentration than medium merit cows (P l 0n082).
The outputs of each of milk fat, protein and lactose over the 84-day period were significantly higher for high merit than for medium merit cows (P 0n001), while milk protein and lactose outputs increased with increasing concentrate proportion in the diet (P 0n001). Milk fat output was not significantly affected by concentrate treatment (P 0n05), while the fat plus protein output of high merit cows showed a significant increase with increasing proportion of concentrate in the diet (P 0n001).
Although genetic merit had no significant effect on animal live weight as measured immediately pre-turnout (P 0n05), high merit cows had a significantly lower (P 0n001) body condition score, backfat thickness and eye muscle area than medium merit animals (Table 4) . With the high merit cows, none of the variables listed in Table 4 were significantly affected by concentrate proportion in the diet (P 0n05). However with the medium merit animals, both condition score and backfat thickness showed significant increases with increasing concentrate inclusion in the diet (P 0n05), while liveweight and eye muscle area followed a similar, although nonsignificant trend (P l 0n075 and P l 0n054 respectively). In addition there was a tendency towards an interaction between concentrate DM proportion and genetic merit for liveweight, condition score and eye muscle area, with the probabilities being 0n114, 0n154 and 0n105 respectively.
Residual effects
While total milk output from the high merit cows during the 98-day grazing period, was significantly greater than for the medium merit cows (P 0n001), there was no significant residual effect (P 0n05) arising from quantity of concentrate offered during the indoor feeding period within the grazing period (Table 5) . However, high merit animals did show a tendency towards a positive residual linear response to concentrate proportion in the diet during the indoor period (P l 0n066). Neither milk fat, protein nor lactose concentrations at grass were significantly affected by cow genetic merit or concentrate treatment during the indoor feeding period (P 0n05). The effect of merit on the yields of each of the milk constituents listed in Table 5 was significant (P 0n001), although concentrate input during the indoor period did not result in any significant residual effects during the grazing period. However high merit animals showed a tendency towards positive residual effects in terms of milk fat (P l 0n096) and milk fat j protein outputs (P l 0n069). Neither genotype nor concentrate proportion in the diet during the indoor feeding period had a significant effect on herbage intake (P 0n05).
In terms of body tissue reserves as recorded on completion of the grazing period (Table 6 ) high merit animals had significantly lower body condition scores, backfat thickness and eye muscle areas than the medium merit animals (P 0n001). In addition, liveweight and eye muscle area of medium merit animals showed a significant increase, corresponding to concentrate proportion in the diet during the indoor period (P 0n05), while both condition score and backfat thickness showed a similar although nonsignificant tendency (P 0n05). There was also a trend towards an interaction between concentrate proportion in the diet during the indoor feeding period and cow genetic merit for liveweight and eye muscle area as recorded on completion of the grazing period (P l 0n075 and P l 0n104 respectively).
DISCUSSION
This experiment had two main aims : to compare the direct production responses of high and medium genetic merit dairy cows to changes in the proportion of grass silage and concentrates in the diet, and to examine whether performance during the post-turnout grazing period was influenced by concentrate proportion in the diet during the indoor feeding period.
Direct effects
Figures 1a and 1b show the mean weekly milk yields during both the indoor and grazing parts of the study for the high and medium merit cows respectively. Plotting these lactation curves was complicated by the fact that while all animals completed a minimum 49-day (7 week) winter period, some individuals remained on trial for as long as 119 days (17 weeks). Thus while mean weekly milk yields have been plotted up until week 7 of the trial, milk yields recorded during the final week of the indoor feeding period for each animal have been adjusted to a standard 84-day (12 week) basis using days on treatment as a covariate, and the response line extrapolated from week 7 to week 12. During the grazing phase, weekly milk yields, adjusted by covariance to take account of the differences in length of winter feed periods, have been plotted. In addition, the same covariates used in the analysis of total milk output data as detailed earlier, were also used in the analysis of the weekly milk yield data presented in Fig. 1 . In the present study the milk yields for the 0n48 concentrate treatments appeared to fall below those of the 0n37 concentrate treatments c. 6-8 weeks into the trial. In the case of the high merit cows, much of this poor performance was a reflection of the influence of the covariate used in the data analysis rather than the actual yields recorded with the 0n48 concentrate treatment. In contrast, medium merit animals on the 0n48 concentrate treatment are believed to have been phenotypically inferior to those on other treatments, a fact supported in that yields of animals on this treatment continued to lag considerably below those of the other treatments during both the indoor and grazing periods. Although the lactation curves for high and medium merit animals have not been compared statistically, genotype does not appear to have had a major impact on the shape of the lactation curve.
Across the range of concentrate treatments, mean daily milk yields for the high and medium merit cows during the winter part of the study were 37n0 and 32n9 kg\day respectively, representing a difference in daily milk yields between the two genotypes of 4n1 kg. This was somewhat less than the 6n6 kg\day yield difference recorded in a previous study in which animals of similar genetic potential to those used in the current study were offered 12n8 kg concentrate DM\day (Gordon et al. 1995) .
The relationship between total milk output over the winter period (84 days) and concentrate proportion in the diet, for animals of high and medium genetic merit, are described by Eqns (1) and (2) respectively. Similar responses for milk fat plus protein yield are described in Eqns (3) and (4) respectively. Although these relationships, which have been developed using individual animal data, are statistically parallel for animals of high and medium genetic merit, they have been described by their equations, as follows :
High genetic merit FjP l 65n1xj196n8 Herbage DMI (kg\day)* High merit 17n2 1 6 n5 1 6 n5 1 6 n2 1n15 Medium merit 17n0 1 6 n4 1 5 n6 1 5 n6 * As measured over a 4 day period.
where, M and FjP are milk yield and fat plus protein yield respectively (kg per 84 days) and x is concentrate proportion in the diet during the winter. The linear responses described by Eqns (1-4) would appear to conflict somewhat with the curvilinear response to concentrate supplementation noted in an earlier study (Gordon 1984) . However Gordon (1984) examined responses at lower levels of supplementation, where responses tend to be larger, compared to the current study. Milk yield responses at high concentrate inputs have generally not been well defined. In addition, previous work at this Institute has shown that at high levels of concentrate inclusion, substantial benefits can be achieved with complete diet feeding (Gordon et al. 1995) and this may have influenced the normal curvilinear response associated with increasing concentrate feed level. Furthermore, an examination of the fat plus protein yield responses suggests a degree of curvilinearity at the highest level of supplementation, although this was not identified statistically.
Across the two genotypes, the mean milk yield response to each additional kg of concentrate DM was 0n49 kg milk (0n42 kg milk\kg fresh concentrate). This was considerably less than the mean response of 0n79 kg milk\kg concentrate recorded by Thomas (1980) , although the mean concentrate intake in the studies reviewed by Thomas (1980) were considerably lower than in the current study. The equation determined by Gordon (1980) , suggests a 0n4 kg milk yield response for each additional kg concentrate offered between 8n0 and 10n0 kg, with this being similar to the response of 0n42 kg milk\kg concentrate recorded in the current study.
The significantly higher milk fat concentration and the tendency towards a higher milk protein concentration, with the high merit cows compared with the medium merit cows in the present study is likely to 
reflect the genetic predisposition of the animals to produce milk of differing composition. Within each genetic merit the decline in milk fat concentration with increasing proportion of concentrate in the diet agrees with other findings (Castle et al. 1980 ; Phipps et al. 1987 ; Smith et al. 1993 ) and can be attributed largely to the reduced fibre concentration of the diet. The tendency for milk fat concentration of medium merit animals to fall more rapidly than for high merit animals may be related to the fact that medium merit cows were depositing fat during lactation, while high merit cows did not appear to be doing so. The increase in milk protein concentrations up to the 0n59 concentrate treatment, is likely to be attributable to the increased energy intake as discussed by Thomas (1983) . One of the major objectives of this study was to examine if there was any evidence for a genotypei nutrition interaction for any of the milk production parameters listed in Table 3 . Mayne & Gordon (1995) reviewed a number of trials which have included an examination for evidence of a genotypeinutrition interaction and concluded that in most of the studies not involving a feed to yield system, an additional increment of concentrate produced a similar increase in metabolizable energy intake and hence milk output, with both high and low yielding animals (Ostergaard 1979 ; Thomas 1980 ; Gordon 1984) . However, in a recent detailed analysis of data from Langhill Dairy Cattle Research Centre (Veerkamp et al. 1994) , a regression analysis of animal performance against pedigree index indicated a significantly different (P 0n01) regression coefficient for low and high forage diets providing some evidence of a genotypeinutrition interaction. In addition, Ferris et al. (1998) have described a study (A. Cromie, Personal communication) providing on-farm evidence that the response to level of herd concentrate feeding is influenced by the genetic merit of the individual cow.
In conflict with these latter findings, in the current study high and medium merit cows did not exhibit significantly different responses to increasing proportion of concentrate in the diet in terms of milk production variables. Nevertheless it is notable that the fat plus protein output response of high merit cows was 49 % greater than for medium merit animals, with this large difference hinting that a genotypei nutrition interaction may exist. That this difference in fat plus protein yield response between genotypes was not found to be significant highlights the problems of identifying statistically significant interactions in animal trials.
The concentrate proportions used in this trial ensured that production responses were measured over a wide range of concentrate inputs. Whilst concentrate intakes achieved with the 0n59 and 0n70 concentrate treatments tended to be beyond those commonly evaluated in the past (Gordon 1984), they were within the range of concentrate inputs offered to high merit cows in practice. Over the range of concentrate treatments high merit animals had a 1n2 kg\day higher DM intake than the medium merit animals, in agreement with the findings of Gordon et al. (1995) who reported high merit animals consumed 0n8 kg more DM per day than medium merit animals at a single concentrate input, namely 12n7 kg DM\ day. Previous studies have shown similar results (Grainger et al. 1985 ; Belyea & Adams 1990 ; Veerkamp et al. 1994) . The higher intakes of the high merit animals may have been driven in part by their Fig. 1 . Effect of concentrate proportion in the diet during the indoor feeding period (0n37 (4), 0n48 (), 0n59 (>) and 0n70 ($)) on mean weekly milk yields during indoor and grazing periods (a, high merit, b, medium merit).
higher milk output, together with their larger rumen capacity. Regarding the latter, although both high and medium merit cows had similar liveweights, there were considerable differences in condition scores, hence the high merit cows had larger frames, and it is suggested, a correspondingly larger rumen capacity. That similar intakes were achieved with both genotypes offered the 0n70 concentrate treatment might indicate that with this high concentrate diet, rumen capacity was no longer the factor limiting intake, but that some other negative feedback mechanism was operating. When expressed on a per kg liveweight basis, intakes with the 0n70 concentrate treatment were 0n036 kg for both genotypes, which is less than the value of 0n04 kg DM\kg liveweight reported in the US by Chase (1993) . This confirms the difficulty in achieving high intakes with grass silage-based diets, even at high concentrate inputs. The mean substitution rate across all treatments was 0n62, considerably higher than the mean value of 0n52 calculated by Thomas (1987) . The high quality of the forage offered in this trial may be responsible in part for the high substitution rate (Moisey & Leaver 1984 ; Phipps et al. 1987) , although the high concentrate inputs may also have been a contributing factor. Substitution rates showed a tendency to increase with increasing concentrate inclusion rates, in agreement with Leaver (1973) and Butler (1976) , with substitution rates between the four treatments being 0n37, 0n69 and 1n09 for the high merit cows and 0n50, 0n39 and 0n70 for the medium merit animals, respectively. Weekly liveweight data for high and medium merit cows (Figs 2 a and 2 b respectively) have been plotted using the same techniques as described for weekly milk yield data presented in Fig. 1 . That high merit cows showed virtually no loss in liveweight during the early part of the lactation is in contrast with the results of Gordon et al. (1995) in which high merit animals lost 60 kg live weight during the first 6 weeks of lactation. It is suggested that the lack of tissue mobilization by high merit animals in the present study may be due in part to their lower initial tissue reserves, as indicated by their lower condition score, than those used by Gordon et al. (1995) . However it should be remembered that dairy cows have substantial fat reserves within the body cavity, for example surrounding the digestive tract (Gibb et al. 1992) , and that the mobilization of this fat may not be reflected in changes in backfat thickness nor liveweight. The trend towards a linear increase in liveweight with the medium merit animals with increasing concentrate feed levels, while containing a gut-fill component, is likely to be largely a reflection of tissue deposition as indicated by the corresponding increases in condition score, backfat thickness and eye muscle area. The tendency of medium merit animals towards increased body tissue deposition, compared to high merit animals, is in agreement with the findings of Gordon et al. (1995) . It is likely that this difference in nutrient partitioning between genotypes was another factor contributing to the higher milk outputs of the high merit animals. However, despite these differences between the two genotypes in pre-turnout body tissue reserve, the interaction was not significant (P 0n05), again highlighting the difficulties involved in trying to identify interactions when using a limited number of animals.
The apparent high correlation between condition score data and measurements of backfat thickness determined using an ultrasonic scanner confirms the potential of condition scoring to provide an indication of the herd's body reserves, when undertaken by a competent operator.
While the differences in milk outputs between genotypes have been explained in part by the higher intakes of high merit cows, together with the tendency of medium merit animals to partition nutrients towards body tissue reserves rather than milk production, it is also possible that there is a genetic basis to differences in nutrient utilization and the efficiency of lactation. However, this issue has been addressed in a separate paper by Ferris et al. (1999) .
Residual effects
It has long been recognized that additional nutrients fed at one stage during a lactation may result in additional milk being produced later in the lactation or indeed during subsequent lactations (Broster 1972) . This, in turn, may have considerable implications for the economics of concentrate feeding.
Milk yields for high and medium merit animals offered the 0n37 and 0n48 concentrate treatments increased immediately post-turnout despite a reduction in concentrate offered (Fig. 1) , a reflection of the increased plane of nutrition at pasture. With the exception of the 0n70 and 0n48 concentrate treatments for the high and medium merit cows respectively, the large differences in yields between treatments during the week immediately prior to turnout had largely disappeared within 14 days of turnout.
Mean daily milk yields for the high and medium merit animals during the 98-day post-turnout period were 31n9 and 27n2 kg respectively, representing a 4n7 kg\day greater yield from the high merit animals. This was similar to the 4n1 kg difference in daily milk yields between the two genotypes during the indoor part of the study. That mean differences in yields between the two genotypes were similar during the indoor and grazing periods, would again suggest that both genotypes respond in a similar manner to differences in nutrition.
The main aim of having a standard grazing period was to examine whether concentrate input during the indoor feeding period influenced animal performance post-turnout. The relationship between milk output over the 98-day grazing period and concentrate proportion in the diet during the winter, are described in Eqns (5) and (6), for animals of high and medium genetic merit respectively. Similar relationships for milk fat plus protein yield are presented in Eqns (7) and (8) 
Medium genetic merit FjP l 8n0xj189n4 R# l 0n01, .. l 18n9, .. l 24 (8) where M and FjP are milk yield and fat plus protein yield during the grazing period respectively (kg per 98 days) and x is concentrate proportion in the diet during the winter. High merit cows showed a tendency towards a positive linear relationship (P l 0n066) in terms of milk output, although this was largely driven by the 0n70 concentrate treatment. The magnitude of this residual response was 0n25 kg milk\kg concentrate DM, approximately half of the direct response to concentrate feeding recorded during the indoor period. A similar trend (P l 0n069) was identified with the high merit cows in terms of milk fat plus protein output although this response did not appear to be driven by any single treatment. Gordon (1980) reviewed a number of studies which examined residual effects of concentrate input and concluded that the largest residual effects were recorded where post calving nutrition was low. Although this response (Gordon 1980) would appear to be in direct conflict with the positive response of the high merit cows in the current study, it must be remembered that the highest concentrate inputs used in any of the studies reviewed was 10n5 kg\day, approximate to that used in the 0n48 concentrate treatment in the current experiment.
The herbage intake data shed little light on either the higher yields of the high merit cows at grass or on the tendency of high merit cows to show positive residual responses to concentrate input during the indoor period. That genetic merit had little effect on herbage intakes during the 4-day measurement period, conflicts with the findings of Dillon and Buckley (1997) , who recorded higher herbage intakes with high merit cows compared to medium merit animals over a range of management systems.
The large and immediate loss in liveweight with both high and medium merit cows during the first week post-turnout (Fig. 2) , a consequence of the increased rate of passage of digesta through the digestive tract with the grazed grass diet, confirms that at least part of the gain in liveweight during the winter part of the study was due to gut-fill. However with the medium merit cows, a relatively large differential in liveweight still remained between treatments at the end of the first week post turnout, and this was still evident at the completion of the trial. It is suggested this is a reflection of the true tissue gain attributable to concentrate input during the indoor period.
A comparison of the data in Tables 4 and 6 indicates that, with the exception of liveweight, there was little change in any of the other indicators of body tissue reserves during the grazing period. That there was little evidence of tissue mobilization at grass suggests that nutrient intakes of both high and medium merit animals were sufficient to meet energy requirements for lactation during this period. Concentrate feeding rates were in fact calculated to meet the nutrient requirements of the high merit animals and, as such, the medium merit animals may have been overfed. However medium merit animals did not appear to be laying down excessive tissue reserves during the grazing period.
Neither the higher milk output of the high merit cows at grass, nor the residual milk and milk fat plus protein responses to concentrate feeding can be explained in terms of the data relating to changes in body tissue reserves. However, it is possible that fat reserves from within the body cavity were being mobilized for milk production by the high merit cows during the grazing period and that this mobilization was not reflected in changes in condition score and back fat thickness.
